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Flow in Chamber

Eriksson et al. Journal of Cardiovascular Magnetic Resonance 2010, 12:9
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Hemodynamic Evaluation
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PC- MRI

Flow visualization Techniques

Spatial Resolution
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Validation Study
• K Itatani et al. Intraventricular Flow Velocity Vector Visualization Based On the Continuity Equation and Measurements of Vorticity 

and Wall Shear Stress. Jpn. J. Appl. Phys. 52(2013)07HF16
• R Asami et al. Accuracy and limitations of vector flow mapping: left ventricular phantom validation using stereo particle image 

velocimetory. J Echocardiogr. 2016 Nov 15
• T Tanaka et al. A posteriori accuracy estimation of ultrasonic vector-flow mapping (VFM). Journal of Visualization, 2017
• T Tanaka et al. Relative pressure imaging in left ventricle using ultrasonic vector flow mapping. Japanese Journal of Applied

Physics 56, 07JF26 (2017)
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wall motion

Boundary conditions

Polar Continuity Equation:

r: radial, θ azimuthal

Boundary conditions

𝝏𝑽𝜽

𝝏 𝜽
    =     −  𝒓 

𝝏𝑽𝒓

𝝏 𝒓
    − 𝑽𝒓 

probe

r
θ

Color Doppler:
unidirectional toward probe

VFM Principle and Validation
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Hemodynamic Assessment in

Patients with 
 Valvular Diseases
 Heart Failure
 Dyssynchrony
 Congenital Heart Diseases

Vector Flow Mapping (VFM)
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Vortex in LV: Normal subject

Eriksson J et al. EHJ – Cardiovascular Imaging (2013) 14, 417–424
Abe H, et al. EHJ Cardiovasc Imaging 2013.

Courtesy of: Prof. Lancellotti, Dr. Kou, University of Liège, Department of Cardiology

VFM PC-MRI

8© Hitachi Medical Systems Europe 2017. All rights reserved.

Flow Efficiency after Mitral Valve Surgery 

Mechanical Valve Replacement
Anti-anatomical position

Mitral Valve Plasty

Mechanical Valve Replacement 
Anatomical Position

Bioprosthetic Valve Replacement

Heart Vessels (2017) 32:1123-1129
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Flow Patter with Mechanical Valve Replacement
anatomical position (Clockwise Rotation)

Flow Efficiency after Mitral Valve Surgery 
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Flow Patter with Mechanical Valve Replacement
Anti-anatomical position (Counter-Closewise Rotation)

Flow Efficiency after Mitral Valve Surgery 
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Flow Efficiency after Mitral Valve Surgery 

Heart Vessels (2017) 32:1123-1129

• Optimizing intraventricular blood flow to preserve efficient cardiac 
output is essential in cardiovascular surgery.

• “Counter-Clockwise” vortex flow causes additional burden(cardiac 
workload) to convey blood flow to whole body.

• Energy Loss was great practical importance to pay attention to the 
direction of the vortex in the ventricular chamber after mitral valve 
surgery.
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AHA/ACC Guideline for the Management
of Patients With Valvular Heart Disease

R.Nishimura et al. AHA/ACC GUIDELINE, Circulation 2017
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Vortex intensity correlates with cardiac function and clinical 
outcomes in heart failure

Dr.Tokuhisa Uejima
The Japanese Society of Echocardiography, 28th Annual Scientific Meeting, Luncheon Seminar 7

Clinical Outcome in patients with heart failure
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LV Suction differentiate patient with and without HF

IVPG(Intraventricular Pressure Gradient)

Using Relative Pressure Imaging(RPI)
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Discontinuity caused by notch due to Vortex flow during ICT

Flow Continuity in patients with dyssynchrony

Circ Arrhythm Electrophysiol. 2017;10:e004927
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Flow Continuity in patients with dyssynchrony

Circ Arrhythm Electrophysiol. 2017;10:e004927
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Normal Pattern Turbulence Flow due to PS and PR

Pediatric Cardiology (2018) 39: 731-742
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• VFM has comparable data compared with PC-MRI
• PS and PR causes turbulence inside RVOT is major cause of RV deterioration after 

TOF repair.
• Energy Loss enables to predict deterioration of RV function. correlate with serial  

change of QRS duration
Pediatric Cardiology (2018) 39: 731-742

VFM PC-MRI
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Validation study compared to CMR

VFM-derived Pulmonary regurgitation ratio (%)  was well 
correlated with CMR-derived PR fraction and RV endo-
diastolic Volume.

21© Hitachi Medical Systems Europe 2017. All rights reserved.

• VFM is the one of the best method to perform 
hemodynamic assessment in daily practice. 

• IVPG based on Relative Pressure Imaigng (RPI) allows 
to show LV suction and can be parameter to 
differentiate HFpEF and HFrEF.

• Energy Loss can be predictive parameter to measure 
Flow inefficiency/Cardiac workload due to abnormal 
vortex.

• Flow Continuity can be good parameter to determine the 
optimal timing of CRT.

Hemodynamic Assessment gives
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